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FORMING TOOLS HAVING TEXTURED
SURFACES

CROSS REFERENCE TO RELATED
APPLICATIONS

Not Applicable.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

Not Applicable.

BACKGROUND OF THE INVENTION

The present invention relates in general to metal-forming,
and, more specifically, to improved forming tools such as
drawing/stamping dies with the ability to manipulate metal
flow patterns during drawing.

Sheet metal forming is used in many industries, including
in the manufacture of automotive body panels and structural
components. One commonly used process uses stamping dies
having a punch side and a cavity side with matching surface
contours. During stamping, metal is drawn into a desired
shape as defined by the contoured surfaces. The material of
the sheet metal flows over the die surfaces as it bends and
stretches under the forces applied by the drawing together of
the die surfaces.

Significant engineering effort is necessary to design a
metal-forming manufacturing process. A designer deter-
mines the die surface contours, the locations and strength of
binding elements, and the size and shape of the metal blank,
for example. When the desired shape of a manufactured com-
ponent has steep or complex bends, it may be difficult to
design dies that avoid the tendency for the metal to flow too
much in one direction and not enough in another direction.
Without proper flow, some regions may not achieve a desired
thickness during drawing. In particular, an area of the finished
(i.e., stamped) component may be too thin because of a net
flow away from that area.

Friction between the die surfaces and the flowing metal
sheet results in wear of the die surfaces. The dies have a
limited tool life as a result of wear. Thus, it would be desirable
to reduce friction between the tools and the workpiece in
order to enhance tool life.

SUMMARY OF THE INVENTION

In one aspect of the invention, a method is provided for
manufacturing metal-formed components having a desired
shape. A contoured surface is defined for a forming tool for
forming a metal blank into the desired shape, wherein respec-
tive portions of the metal blank flow over the contoured
surface during forming. An intrinsic material flow pattern
resulting from the contoured surface is compared to a desired
flow in order to identify regions of the contoured surface
having an improper flow that creates areas in the formed metal
blank receiving more or less than a desired amount of metal.
A surface microtexture is applied onto the contoured surface
in a pattern selected to alter the metal flow along the identified
regions by providing a friction in the identified regions that is
altered relative to adjacent regions of the contoured surface.
Preferably, the surface microtexture is configured to reduce
friction and increase the metal flow within at least some
identified regions, but may also be configured to increase
friction in order to reduce the metal flow from an identified
region when desired.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a stamping die and a metal
blank.

FIG. 2 is a diagram of a desired metal flow pattern mapped
onto a die surface.

FIG. 3 is an actual metal flow pattern corresponding to an
intrinsic flow pattern corresponding to a particular die surface
design.

FIG. 4 shows an area of undesirable metal flow in greater
detail.

FIG. 5 shows regions mapped onto the die surface having
reduced surface friction to modify the metal flow pattern.

FIG. 6 illustrates various surface microtextures for reduc-
ing surface friction in respective regions relative to adjacent
regions.

FIG. 7 illustrates a corrected metal flow pattern resulting
from the application of microtexture onto the die surface.

FIG. 8 shows one preferred shape of a micro-element fea-
ture as an oval or ellipse.

FIG. 9 is a graph showing the directionality of the friction
reduction across the micro-element of FIG. 8.

FIGS. 10 and 11 depict the locations and orientations of
microtexture added to respective portions of the stamping die
of FIG. 1.

FIG. 12 is a flowchart showing one preferred method of the
invention.

FIG. 13 is a flowchart showing in greater detail a preferred
embodiment of a portion of the method of FIG. 12.

FIG. 14 depicts the application of microtexture to an entire
die surface to reduce tool wear.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring now to FIG. 1, a die 10 for a forming tool has a
contoured surface 11 that is stamped against a sheet metal
blank 12 to form a desired shape. Contoured surface 11
includes a feature 13 with a complex curvature and a feature
14 with sharp bends. An intrinsic material flow pattern result-
ing from the contoured surface 11 may result in regions of
insufficient flow, thereby creating areas in the formed metal
blank that receive less than a desired amount of metal mate-
rial.

FIG. 2 shows a desired metal flow pattern mapped onto a
contoured die surface 15. Surface 15 is contoured in three
dimensions, but is shown for simplicity projected onto a
two-dimensional surface in FIGS. 2-7. An area 16 may cor-
respond to a significant bend in the finished component,
whereby the desired flow 17 specifically includes a flow com-
ponent directed toward region 16.

Any particular configuration of the contoured surfaces for
the dies produces an intrinsic (i.e., unmodified) flow pattern
as shown in FIG. 3. The direction and magnitude of actual
material flow depends upon forces acting on the metal blank,
which includes surface friction as the metal slides over the die
surfaces. During development of the particular manufactur-
ing process and die set, engineers use computer simulations to
analyze and refine a design. The simulations sequentially
analyze the deformation forces acting on the sheet metal in
discrete steps as the die surfaces move together. The analysis
of forces includes calculations of the sliding friction between
the flowing metal sheet and the die surfaces. The calculations
depend on a coefficient of friction (i.e., flow resistance) that
characterizes the particular materials and their surface fin-
ishes. In conventional simulations, the coefficient of friction
has been assumed to be constant across all the interacting
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surfaces and assumed to be independent of the direction of
flow. Since smooth surface finishes and/or coatings have been
used in an attempt to reduce the coefficient of friction, the
assumption that the coefficient of friction is non-directional
was reasonably accurate. In some embodiments of the inven-
tion as described below, a coefficient of flow direction that
varies according to the direction of flow may be introduced.
Moreover, conventional aluminum sheet metal blanks com-
monly have a surface texture that results in some directional-
ity of the flow resistance which has not been accounted for. In
the present invention, any sheet metal texture affecting the
flow resistance (either increasing it or decreasing it) can be
employed as one factor for influencing the metal flow pattern.

In FIG. 3, an intrinsic material flow pattern for a contoured
die surface 20 results in an area 21 receiving insufficient flow.
The flow is shown as vectors 22 corresponding to the net flow
passing across each respective point on die surface 20. As
shown in greater detail in FIG. 4, insufficient-flow area 21 is
surrounded by flow portions 22 that could supply area 21 with
the necessary material if it could be redirected. Besides being
areas of low or no flow during stamping, portions 22 could
also be areas carrying an over-abundance of material to an
undesired destination.

The present invention provides a mechanism for control-
ling material flow. Specifically, variations in the coefficient of
friction are introduced across the die surfaces in order to
modify the material flow to counteract deficiencies in the
intrinsic flow pattern. As a result of relative differences in
friction across the surface, it is possible to influence the flow
of the metal. The relative differences can be introduced by
surface treatment that either locally reduces or locally
increases friction. The invention will be primarily described
in connection with reducing friction since surface wear is
improved by reducing friction, but the invention can included
relative friction increases in certain areas to counteract or help
redirect areas with excess flow.

As shown in FIG. 5, area 21 receiving insufficient material
is surrounded by regions 23-27 of locally-reduced flow resis-
tance, thereby increasing flow in the directions shown by the
arrows in order to supply the metal material for area 21. The
increased flows shown in FIG. 5 are achieved by adding
surface microtexture as has been used to reduce friction and
wear in various cutting tool applications. For example, laser
etching has been employed to create microscopic dimples on
a tool surface that decrease surface friction by creating lubri-
cant pockets and by providing receptacles for receiving wear
particles in order to prevent surface damage via plowing. The
decrease in the coefficient of friction across the die surface
can be made to be omni-directional at each point but with
relative differences between particular regions, so that the
change in flow merely results from the material following a
path of least resistance. As further explained below, the
reduced coefficient of flow resistance can also be made to be
dependent upon the flow direction to even more effectively
modify a flow pattern.

FIG. 6 shows various patterns of micro-elements that can
be applied to the contoured die surface when reducing fric-
tion. In a preferred embodiment, the micro-elements are com-
prised of oval or elliptical dimples formed as raised features
above the main plane of the die surface, wherein each dimple
is in the range of about 5-10 um in length and about 3 um in
height (or equivalently in depth if formed as negative
dimples). The relative reduction in the coefficient of flow
resistance obtained when using a microtexture can be con-
trolled by changing dimple size and/or packing density in any
particular region, for example. Thus, a pattern P1 may pro-
vide a smaller resistance reduction than a pattern P2 by virtue
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of a different dimple size and density. The major axis of the
oval dimples may be aligned along lines of arc as shown in
pattern P1, may be arranged in straight lines as shown in
pattern P2, or may be organized in other patterns or randomly.
In the event that it is desired to increase friction is a particular
region, a well-polished flat surface can be created or micro-
textures can be applied that demote lubrication film and
increase surface interaction.

Variations in resistance between different regions may also
be obtained using dimples of equal size at different densities
or spacings as shown by patterns P4 and P5. Instead of ovals,
the dimples can also be circular as shown in pattern P6 or in
other shapes such as rectangles.

Based on a comparison between the intrinsic material flow
pattern and a desired flow pattern, the present invention iden-
tifies regions having insufficient flow and the relative
decrease in flow resistance necessary to achieve the desired
flow. A suitable pattern of the surface microtexture is deter-
mined, and after being applied to the contoured surface of the
die results in a modified material flow pattern 30 shown in
FIG. 7 that increases metal flow into area 21.

Oval micro-elements are a preferred microtexture shape
because of their ability to create a directional bias to the flow
because the reduction in the coefficient of flow resistance is
dependent upon material flow direction with respect to the
axis of the oval. As shown in FIG. 8, a die surface 31 has an
oval dimple 32 with a semi-minor axis a and a semi-major
axis b. The solid line for dimple 32 represents an orientation
in which an angle 6 between the semi-major axis and a ver-
tical axis is equal to zero. FIG. 9 plots the relative reduction in
flow resistance for increasing values of 0 up to 90° (the metal
flow direction being horizontal in FIG. 8). The relative reduc-
tion in flow resistance is highest with 6 equal to zero (i.e., with
flow being perpendicular to the major axis, or parallel with the
minor axis). The relative reduction drops to a minimum as
flow becomes more parallel with the major axis (i.e., along the
narrowest profile of dimple 32).

By introducing directionality to the reduction in the coef-
ficient of flow resistance, the effect upon the modified flow
direction is enhanced. As shown in FIG. 10, a die 10 has an
applied microtexture around complex-curved feature 13 with
oval dimples aligned peripherally around area 13 in a manner
to increase metal flowing into area 13. More specifically,
dimples 35 are aligned along a top edge of area 13 to enhance
a metal flow along a flow direction 36, and microtexture
dimples 37 and 40 are applied along the sides of area 13,
respectively, to provide enhanced flows 38 and 41 from the
sides. Similarly, flow 43 over a sharp bend along feature 14
shown in FIG. 11 is enhanced by microtexture dimples 42. It
should be noted that the dimples in FIGS. 10 and 11 are
greatly exaggerated in size for clarity (i.e., each oval repre-
sents a multiplicity of smaller ovals).

FIG. 12 illustrates a preferred method of the invention
wherein a contoured surface is defined for a forming tool in
step 50. Various types of forming tools are included in the
present invention, such as stamping dies, extrusion dies, or
any other tools in which metal flows over a die surface during
forming. In step 51, an intrinsic material flow is determined
based upon an assumption of having an equal flow resistance
along all points of the surface on the forming tool. The intrin-
sic flow pattern may be determined by an appropriate com-
puter model or by actually manufacturing a component using
the defined tool surface. In step 52, differences between the
intrinsic material flow and a desired material flow are identi-
fied. A graduated resistance pattern (which may have regions
to possess a decreased friction and/or regions to possess an
increased friction) that will reduce the differences between
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the material flows is determined in step 53. In step 54, the
appropriate microtexture pattern is applied to the forming
tool contoured surface according to the resistance pattern
determined in step 53.

In one preferred method, steps 52 and 53 of FIG. 12 may be
performed using computer simulations as shown in FIG. 13.
In step 60, a stamping is simulated with a uniform coefficient
of flow resistance in order to identify the intrinsic material
flow pattern. A preliminary pattern of microtexture is
designed in step 61 based on an inspection of the intrinsic
material flow pattern, whereby the microtexture pattern cor-
responds to regions of reduced flow resistance between areas
receiving excess flow and areas receiving insufficient flow
(and/or regions of increased resistance to block flow toward
an area receiving excess flow).

In step 62, a second computer simulation is performed of
the stamping using a modified coefficient of resistance at the
identified regions according to the preliminary pattern in
order to simulate a redistribution of the metal flow to more
closely achieve the desired flow. The modified flow is com-
pared with the desired flow in step 63 and a check is made in
step 64 to determine whether the modified flow is sufficiently
close to the desired flow. If yes, then the computer simulation
is done at step 65 and then the microtexture pattern is applied
to the forming tool. If the modified flow is not yet sufficiently
close to the desired flow, then the differences between the
modified flow and the desired flow are used to identify modi-
fications to be made in the microtexture pattern in step 66.
Using the remodified microtexture pattern, the material flow
is resimulated and then recompared to the desired flow in step
67, before returning to step 64 to determine whether the
remodified flow is now close enough to the desired flow.

The present invention may utilize microtexture only in the
regions necessary to redistribute the metal flow to achieve the
desired final part thickness in all regions of the part. However,
only relative changes in the coefficient of flow resistance are
necessary in order to obtain the desired control over the
material flow. Thus, it is also possible to reduce surface fric-
tion across all areas of the forming tool to improve overall tool
life as shown in FIG. 14. Thus, a contoured surface 70 may
include a general background pattern of microtexture 73
which enhances lubrication performance and reduces friction
generally across surface 70. The flow resistance properties
using background microtexture pattern 73 provide an intrin-
sic material flow pattern that can be used to identify regions of
the contoured surface 70 with insufficient flow. The relative
flow resistance in the identified regions is addressed using
specific patterns of surface microtexture 71 and 72 that pro-
vide an even greater reduction in the coefficient of flow resis-
tance. The further reduction in resistance may also include a
directional component to the flow resistance. In particular, the
pattern of surface microtexture is thus graduated so that fric-
tion is reduced by the greatest extent within the identified
regions.
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What is claimed is:

1. A method of manufacturing metal-formed components
having a desired shape, comprising the steps of:

contouring a surface of a forming tool for forming a metal

blank into the desired shape, wherein respective portions
of the metal blank flow over the contoured surface dur-
ing forming;

identifying an intrinsic material flow pattern imparted to

the metal blank according to a uniform coefficient of
resistance for the contoured surface;

comparing the intrinsic material flow pattern to a desired

flow in order to identify regions of the contoured surface
having an insufficient flow that creates areas in the
formed metal blank receiving less than a desired amount
of metal; and

applying a surface microtexture onto the contoured surface

in a pattern selected to alter metal flow along the iden-
tified regions by providing a reduced coefficient of fric-
tion in the identified regions relative to a coefficient of
friction of adjacent regions of the contoured surface;
wherein the step of applying a surface microtexture onto
the contoured surface is comprised of laser etching of
microscopic dimples according to the pattern, wherein
the dimples are formed as raised features above the
contoured surface, and wherein each dimple is in a range
of about 5-10 pm in length and about 3 pm in height.

2. The method of claim 1 wherein at least some of the
dimples have an aspect ratio not equal to one and have a major
axis and a minor axis, wherein the surface has a lowest flow
resistance along the minor axis, and wherein the at least some
of the dimples have their respective minor axis aligned with
respective desired flow directions in the identified regions.

3. The method of claim 1 further comprising the step of:

determining the intrinsic material flow pattern based on a

first computer simulation of the forming based on a
model of the contoured surface having a uniform coef-
ficient of flow resistance.
4. The method of claim 3 further comprising the step of:
running a second computer simulation of the forming
based on a model of the contoured surface having an
altered coefficient of flow resistance at the identified
regions corresponding to a preliminary microtexture;

comparing a material flow pattern from the second com-
puter simulation to the desired flow; and

defining the surface microtexture as a modification of the

preliminary microtexture to better match the desired
flow.

5. The method of claim 4 wherein the altered coefficient of
flow resistance in at least one respective region is dependent
upon a flow direction in which the metal blank moves within
the respective region, and wherein a flow direction corre-
sponding to a minimum coefficient of flow resistance is
aligned with the desired flow.

6. The method of claim 4 wherein the surface includes a
general background of microtexture to cover substantially all
of the contoured surface, and wherein the pattern of surface
microtexture is graduated so that friction is reduced by the
greatest extent within the identified regions and is reduced
generally across the surface to provide wear reduction.

7. The method of claim 1 wherein the forming tool is
comprised of a drawing die and wherein the metal blank is
comprised of sheet metal.
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